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(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the unjoined part of edge parts remarkably and to 
keep the joining strength at the same time by carrying out the joining of a ceramic body 
consisting essentially of aluminum nitride or silicon nitride to a copper plate by firing in a 
nitrogen atmosphere. 

SOLUTION: The ceramic body consisting essentially of aluminum nitride or silicon nitride 
and the copper plate are laminated via a brazing filler metal containing 50 to 89% silver, 1 
to 30% copper, 0.05 to 0.7% bismuth and 10 to 30% at least one of active metal selected 
from titanium, zirconium and hafnium as metallic components and joined by pressurizing 
under a pressure of >1 .0 MPa in a nitrogen atmosphere containing 100 to 1000 ppm 
oxygen at >5.5''C temperature rising rate and temperature descending rate. It is preferable 
for the brazing filler metal to contain further 0.5 to 30% tin. 
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* NOTICES * 

JPO and. INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer,. So the translation may not reflect the original 
precisely. 

2..*'^** shows the word which can not be translated. 
3 , In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] The ceramic object and copper plate which make alumimium nitride or silicon nitride a 
subject as a metal component 50 - 89% of silver, 1 - 30% of copper, 0 .05 - 0.7% of bismuths, 
titanium. Carrying out a laminating through the wax material which comes to contain 10 - 30% of at 
least one sort of active metals chosen from the zirconium and the hafnium, and pressurizing it by the 
pressure of 10 or more MPas The junction approach of a ceramic object and a copper plate 
characterized by carrying out a programming rate and a temperature fall rate above by 5.5-degree-C/, 
and joining under the nitrogen-gas-atmosphere mind of 100-1000 ppm of oxygen densities. 
[Claim 2] The junction approach according to claim 1 characterized by wax material coming to 
contain 0 ,5 - 30% of tin further. 



[Translation done,] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2 shows the word which can not be translated. 

3 In the drawings, any words are not translated,, 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the junction approach of of the suitable ceramic 
object and suitable copper plate for manufacture of the circuit board used for a power module. 
[0002] 

[Description of the Prior Art] In recent years, with high-performance-izing of industrial devices, 
such as a robot motor, changes of large power modules, such as large power and an efficient inverter, 
progress, and the increment also of the heat generated from a semiconductor device is being 
enhanced. In order to carry out stripping of this heat efficiently, more various approaches than before 
have been taken in the large power module substrate. After being able to use now the ceramic 
substrate which has good heat conduction recently, joining metal plates, such as a copper plate, to 
the front flesh-side both sides and making a heat dissipation metal plate form in one field by etching 
in the field of a metallic circuit and another side, remaining as it is or plating is processed, a 
semiconductor device is mounted in a metallic circuit part, an opposite side is soldered with a base 
copper plate, and it is used, attaching in a heat sink. 
[0003] 

[Problem(s) to be Solved by the Invention] Today's technical problem in the field concerned is 
producing the former, an EQC, or the high-reliability circuit board beyond it by low cost On the 
other hand, as law, although it was possible to change into baking under nitrogen-gas-atmosphere 
mind the junction process of that circuit board cost starts most from heat treatment under the high 
vacuum using the active metal soldering method, the minute amount oxygen which exists in 
nitrogen-gas-atmosphere mind in this case was connected with the active metal, and there was a 
problem which a edge does not fully join. Therefore, large clipping which included the poor junction 
part in presenting the circuit board was needed, and it was very uneconomical 
[0004] The purpose of this invention is manufacturing the high-reliability circuit board by low cost 
in view of the above. The purpose of this invention can be attained by rationalizing terms and 
conditions, such as junction wax material which should change junction to a ceramic object and a 
copper plate into baking under nitrogen -gas-atmosphere mind from heat treatment under the high 
vacuum which uses the active metal soldering method,. 
[0005] 

[Means for Solving the Problem] This invention the ceramic object and copper plate which make 
alumimium nitride or silicon nitride a subject namely, as a metal component 50 - 89% of silver, 1 - 
30% of copper, 0 .05 - 0.7% of bismuths, titanium, Carrying out a laminating through the wax 
material which comes to contain 10 - 30% of at least one sort of active metals chosen from the 
zirconium and the hafnium, and pressurizing it by the pressure of 1 „0 or more MPas It is the junction 
approach of a ceramic object and a copper plate characterized by carrying out a programming rate 
and a temperature fall rate above by 5 ,5-degree-C/, and joining under the nitrogen-gas-atmosphere 
mind of 100-1000 ppm of oxygen densities,. It is desirable that wax material comes to contain 0, 5 - 
30% of tin further. 
[0006] 

[Embodiment of the Invention] Her eafter, when this invention is explained in more detail, the 
description of this invention is having rationalized the metal component presentation of wax 
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material, pressurization junction, a junction ambient atmosphere, and the terms and conditions of a 
jointing time, and having changed into baking under nitrogen-gas-atmosphere mind from heat 
treatment under a high vacuum,. It becomes possible to make it mitigate the unsealed part of a edge 
(especially the creeping distance is a less than 3mm edge) by this not to drop bonding strength (Peel 
reinforcement) (100Ns/(cm) or more) , 

[0007] In the wax material used by this invention, during the sum total of a metal component, in 
addition to this, the amount of generation of the intermetallic compound of a wax material 
component increases with super- and silver 89%, silver becomes what has a brittle junctional 
zone, and the dependability of a mechanical strength falls greatly. Moreover, when it comes to less 
than 50%, the wettability to the copper plate of wax material fialls, a void is formed into a junctional 
zone and bonding strength falls. 

[0008] Less than 1% covers [ copper ] remarkably the expenses of the melting point of wax material, 
and the wettability of wax material worsens. If it exceeds 30%, in addition to this, the amount of 
generation of the intermetallic compound of a wax material component will increase with copper, a 
junctional zone will become brittle, and the dependability of a mechanical strength will fall greatly , 
[0009] The bismuth which the bismuth evaporated at less than 0.05% at the time of a temperature up 
cannot fully react with the oxygen in an ambient atmosphere, and poor junction of a edge is not 
improved. Moreover, if it exceeds 0 ,7%, the bismuth which remained without evaporating will make 
other wax material components and intermetallic compounds, and will become what has a brittle 
junctional zone, and the dependability of a mechanical strength will fall greatly . 
[0010] As an active metal, a zirconium is desirable. An active metal will become what has a brittle 
junctional zone, if the bonding strength of a ceramic object and a junctional zone is weak and 
exceeds 30% at less than 10%, and the dependability of a mechanical strength falls. 
[001 1] In this invention, an active metal is diffused on a ceramic object, and the bismuth which 
steam-ized the bismuth since vapor pressure was high as compared with other metal components 
spreads to a circuit board edge, is connected with an active metal and oxygen [ minute amount / in 
the ambient atmosphere which checks junction of the ceramics ], and impr oves poor junction of a 
circuit board edge,, 

[0012] To the wax material used by this invention, it is desirable that tin contains 0.5 to 30% further.. 
Since tin raises the wettability of the wax material of a silver component or a copper component, and 
a copper plate and functions as the oxidation depressant action of the metal component of wax 
material, and a melting-point-lowering operation of wax material, even if it is not baking under a 
high vacuum, a ceramic object and a copper plate can join it firmly much more by baking under the 
nitrogen-gas-atmosphere mind containing ultralow volume oxygen . When such effectiveness is not 
accepted at less than 0.5%o and tin exceeds 30%, the amount of generation of the intermetallic 
compound of copper and tin increases, a junctional zone will become brittle, and there is a possibility 
that the dependability of a mechanical strength may fall. 

[0013] Although these simple substances, or the foil and powder of an alloy can be used for the 
metal component of wax material as it is, it is preparing a paste preferably and making it intervene 
between a ceramic object and a copper plate,. If an example of paste preparation is shown, they will 
be the four to medium 10 sections, such as per metal component 100 section and poly isobutyl 
methacrylate (PIBMA). The coverage of a paste is 9 - 10 mg/m2 at desiccation criteria.. Carrying out 
is desirable. A paste is applied to a ceramic object and/or a copper plate. 

[0014] The ceramic object which sandwiched wax material, and the layered product of a copper plate 
are calcinated pr essurizing by 1..0 or more MPas of pr essures.. Since the clearance where wax 
material is put to an ambient atmosphere as welding pressure is less than 1.0 MPas becomes large, 
joining becomes inadequate. The upper limit of welding pressure is 2MPa extent. 
[0015] A junction ambient atmosphere is the nitrogen-gas-atmosphere mind of 100-1000 ppm of 
oxygen densities, 1000 ppm super-****** and oxidation of a substrate edge become remarkable, and 
an oxygen density causes poor junction,. Moreover, although oxidization of an active metal is 
suppressed and a good junction condition is acquired in less than 100 ppm, the vaporized bismuth 
will be generated by a surroundings lump and low poor material exudation on a circuit copper plate 
front face, 

[0016] Junction is performed by holding for 0, 5 to 2 hours at the temperature of 750-900 degrees C. 
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At less than 750 degrees C, if junction is not enough and exceeds 900 degrees C, the diffusion to the 
copper plate of silver or tin will become excessive, and a junctional zone will become brittle . If 
joining will become inadequate if the holding time in this temperature r equirement is shorter than 0.5 
hours, and it becomes longer than 2 hours, similarly, the diffusion to the copper plate of silver or tin 
will become excessive, and a junctional zone will become br ittle , 

[0017] In this invention, each of programming rates from temperature up initiation to 750 degrees C 
and cooling rates from 750 degrees C to ejection temperature, such as a room temperature, carries 
out above by 5 ,5-degree-C/, and is performed,, Wax material will oxidize that a programming rate is 
the following by 5.5-degree-C/, and joining becomes inadequate. Moreover, since components, such 
as Ag of wax material and Sn, are spread to a copper plate side in a temperature requirement 600 
degrees C or more as a cooHng rate is the following by 5.,5-degree-C/, the dependability as a 
substrate falls . Moreover, it does not lead to improvement in productivity that a cooling rate is 
slower than 600 degrees C in a low-temperature region, 

[0018] The ceramic object used by this invention makes alumimium nitride or silicon nitride a 
subject. As what makes alumimium nitride a subject, it is desirable that reinforcement and thermal 
conductivity purity are 400 or more MPas, 150 W/mK or more, and 93% or more, and it is desirable 
that reinforcement and thermal conductivity purity are 600 or more MPas, 50 W/mK or more, and 
93% or more as what makes siHcon nitride a subject. Since there is a commercial item, it can be used 
for these ceramic objects. 

[0019] As for especially the copper plate used by this invention, it is desirable that an oxygen- free- 
copper plate, especially the 50 ppm or less of the amounts of oxygen are oxygen-free-copper plates 
30 ppm or less,, 

[0020] As for the zygote manufactured by this invention, it is desirable that the thickness of a 
junctional zone is 8-13 micrometers If joining becomes being less than 8 micrometers in thickness 
of a junctional zone inadequate and it exceeds 13 micrometers, the amount of gener ation of the 
intermetallic compound of copper and tin will increase, and a junctional zone will become brittle . 
The thickness of a junctional zone can be easily adjusted with wax material thickness. 
[0021] 

[Example] Hereafter, an example and the example of a comparison are given and this invention is 
explained concretely. In addition, each of "%>" given in this specification and "sections" is mass 
criteria. 

[0022] Examples 1-12 Zirconium powder (5 ,5 micrometers, 99.9%) and bismuth powder (75 
micrometers of maximum grain sizes, 99.9%) were blended at a rate of Table 1, the terpineol 
solution of poly isobutyl methacrylate was added and kneaded, and the wax material paste 
containing 71.4% of metal components was prepared in copper powder (14.1 micrometers, 99.8%) 
and the end (5 .0 micrometers, 99.9%) of tin powder in the end (1.1 micrometers, 99.3%) of the 
example 1 of a comparison - 1 5 silver dust,. 

[0023] This wax material paste was applied to both sides of an alumimium nitride substr ate (size: 
60mmx36mmx0.65mm, bending strength:500MPa, thermal conductivity: 155 W/mK, 95% or more 
of purity), or a siHcon nitride substrate (size: 57mmx34mmx0.65mm, bending strength:700MPa, 
thermal conductivity: 70 W/mK, 92% or more of purity) by the roll coater on the whole surface. The 
coverage in that case is 9 mg/cm2 at desiccation criteria. It carried out.. 

[0024] Next, to the copper circuit forming face of a ceramic object, a 56mmx32mmx0 .3mm oxygen- 
free-copper plate (the amount of oxygen of 10 ppm) After carrying out contact arrangement of the 
56mmx32mmx0.15mm oxygen- free-copper plate (the amount of oxygen of 10 ppm) at a heat 
dissipation copper plate forming face, moreover, under the nitrogen-gas-atmosphere mind of the 
oxygen density shown in Table 1 and Table 2 It joined by changing virtual junction temperature, a 
jointing time, an oxygen density, a programming rate, a temperature fall rate, and a junction 
pressure, as shown in Table 1 and Table 2.. And after screen-stenciling resist ink to the copper circuit 
forming face so that a heat sink pattern might be made to form the circuit pattern of a predetermined 
configuration in a heat dissipation copper plate forming face, etching of a copper plate and a 
junctional zone was performed to it, non-electrolyzed nickel-P plating (thickness of 3 micrometers) 
was performed, and the circuit board was produced,, 

[0025] The Peel reinforcement of the obtained circuit board and the unsealed distance of a edge were 
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measured. Those results are shown in Table 2, 

(1) Peel reinforcement ;: the bonding strength of an oxygen-free-copper plate and a ceramic object 
was measured using the push pull gage "DFG-20TR" by Shimpo Industrial Co., Ltd,, 

(2) Unsealed distance of a edge : the copper plate joined using the ferric chloride and the sodium 
thiosulfate was removed, the junctional zone was exposed, and the distance from a ceramic object 
edge to a junctional zone was measured. 

0026] 
Table 1] 
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[0028] 

[Effect of the Invention] Maintaining bonding strength for junction to the ceramic object and copper 
plate which make alumimium nitride or silicon nitride a subject by baking under nitrogen-gas- 
atmosphere mind according to this invention, it can be made to be able to mitigate remarkably and 
the unsealed part of a edge can be per formed. 



[Translation done..] 
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